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DV DQ DGGLWLYH WR FHPHQW DOVR LQ FRPELQDWLRQZLWK RWKHU DGGLWLYHV DV )FODVV DVK DQG JURXQG JUDQXODWHG EODVW IXUQDFH 7KH
UHVHDUFKKDV VKRZQ WKHQHJDWLYH LQIOXHQFHRI UDZFDOFLXP IO\DVK ZLWKRXWJULQGLQJDGGHG WRFRQFUHWHPL[RQ LWV UKHRORJLFDO
SURSHUWLHVDQGZRUNDELOLW\$FWLYDWLRQRI IO\DVK E\JULQGLQJ LPSURYHV LWVSURSHUWLHV DQGEHFRPHVSRVLWLYHDVDQDGGLWLYH WR
FRQFUHWH PL[HV 7KH UHVXOWV LQFOXGH VWXGLHV RQ VDPSOHV EHORQJLQJ WR FODVVHV RI VOXPS IORZ 6) FODVVHV RI YLVFRVLW\ 7
UKHRORJLFDOSURSHUWLHVFRPSUHVVLYHVWUHQJWKDQGIOH[XUDOVWUHQJWK WHVWV7KHFRQFUHWHPL[ZDVWHVWHGZLWKDYDU\LQJDPRXQWRI








7KH WHFKQRORJ\RI KLJKSHUIRUPDQFH VHOI ± FRPSDFWLQJ FRQFUHWH +36&& LV FXUUHQWO\ DPDWWHU RI JUHDW UHVHDUFK
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DGGLWLRQVORZZEUDWLRDQGVXSHUSODVWLFL]HUDUHLQFRPPRQXVHDVLQWKHFDVHRIQRUPDOFRQFUHWHPL[WXUHWRREWDLQ
D FRPSDFWPLFURVWUXFWXUH RI KDUGHQHG FRQFUHWH 7KH FXUUHQW VWDWH RI LQIRUPDWLRQ DUH QRW VXIILFLHQW WR HIIHFWLYHO\
JRYHUQ WKHZRUNDELOLW\RI+36&&ZLWK WKHDGGLWLRQRIFDOFDUHRXVIO\DVK)XUWKHU UHVHDUFK LVQHHGHGSDUWLFXODUO\
HPEUDFLQJWKHLQIOXHQFHRIWKHSK\VLFRFKHPLFDOSURSHUWLHVFKDQJHVRIFDOFDUHRXVIO\DVKDQGRIWKHW\SHRIFHPHQW
,WZDVHVWDEOLVKHGWKDWFDOFDUHRXVIO\DVKFDQEHXVHGDVWKHSDUWLDOUHSODFHPHQWRIFHPHQWLQFRQFUHWHRUDVFHPHQW
FRQVWLWXHQW >@ 7RWDOO\ QHZ LVVXH LV DOVR WKH SUREOHP RI ZRUNDELOLW\ RI VWHHO ILEUH UHLQIRUFHG VHOIFRPSDFWLQJ
FRQFUHWHZLWKWKHDGGLWLRQRIFDOFDUHRXVIO\DVK0LQHUDODGGLWLRQVLVNH\SDUWLQWKHPRGHUQFRQFUHWHWHFKQRORJ\DQG
WKHLUXVHDOORZVWRPRGLI\WKHSURSHUWLHVRIWKHFRQFUHWHDQGJLYHWKHVLJQLILFDQWHFRQRPLFEHQHILWVDVZHOODVLVLQ
DFFRUGDQFHZLWK WKHVWUDWHJ\ IRUVXVWDLQDEOHGHYHORSPHQW0LQHUDODGGLWLRQVDUHVHOHFWHG LQ UHJDUGRI WKH VWUHQJWK
DQG GXUDELOLW\ UHTXLUHPHQWV RI FRQFUHWH 7KHLU DSSOLFDWLRQ KRZHYHU DOVR VLJQLILFDQWO\ LQIOXHQFHV WKH UKHRORJLFDO
SURSHUWLHV RI WKHPL[WXUH $V WKHPLQHUDO DGGLWLRQV VLOLFHRXV IO\ DVKHV JURXQG JUDQXODWHG EODVW IXUQDFH VODJ DQG
VLOLFDIXPHDUHFRPPRQO\XVHG7KHPDLQHIIHFWVRIWKHVHPLQHUDODGGLWLRQVDSSOLFDWLRQDUHWKRURXJKO\SUHVHQWHGLQ
QXPHURXVSDSHUV>@7KHJRRGZRUNDELOLW\RI6&&PL[WXUHGXULQJWKHZKROHSURFHVVRIFRQFUHWHSODFLQJLV WKH
EDVLF UHTXLUHPHQW IRU WKLV FRQFUHWHGHVLJQLQJ DQGSURGXFLQJ7KHKLJK FRQWHQW RIPLQHUDO DGGLWLRQV LV W\SLFDO IRU
6&&ZKLFKDVVXUHVLWVFKRVHQSURSHUWLHV3UHYLRXVSDSHUVSRLQWRXWWKHSUREOHPRIZRUVHQHGZRUNDELOLW\RIFRQFUHWH
PL[WXUHZLWKFDOFDUHRXVIO\DVK,QFRQQHFWLRQZLWKWKHIDFWWKDWZRUNDELOLW\LVWKHNH\SDUWIRUWKHVHOIFRPSDFWLQJ





)URP QXPHURXV UHVHDUFK RI WKH FRQFUHWH PL[WXUH ZRUNDELOLW\ LW LV ZHOO NQRZQ WKDW XQGHU VWUHVV WKLV PL[WXUH
EHKDYHV OLNH %LQJKDP ERG\ >@ 7KH VWUHVV \LHOG YDOXH J DQG SODVWLF YLVFRVLW\ K DUH WKH PDWWHU FRQVWDQWV
FKDUDFWHUL]LQJ WKH UKHRORJLFDO SURSHUWLHV RI WKH PL[WXUH 5HJDUGLQJ WKH ZRUNDELOLW\ WKH VWUHVV \LHOG YDOXH LV D
SDUDPHWHURIEDVLFLPSRUWDQFH7KHSODVWLFYLVFRVLW\LVRIORZHULPSRUWDQFHIRUWKHFRQFUHWHPL[WXUHVFRPSDFWHGE\
YLEUDWLQJKRZHYHU LQWKHFDVHRIVHOI±FRPSDFWLQJFRQFUHWHPL[WXUHVWKHZRUNDELOLW\LVJRYHUQHGE\ERWKVWUHVV
\LHOG YDOXH DQG SODVWLF YLVFRVLW\ 7KH FRQFUHWH UKHRORJ\ZDV GLVFXVVHG LQ GHWDLO LQ WKH ERRN RI 6]ZDERZVNL >@
$PRQJ RWKHUV LQ WKH SDSHUV RI %DQILOO >@ DQG *RáDV]HZVNL >@ LW ZDV VKRZQ WKDW GXH WR WKH VLPLODU QDWXUH RI
LQIOXHQFHRI EDVLF FRQVWLWXHQWV RQ IUHVKPRUWDUV DQG FRQFUHWHPL[WXUHV UKHRORJ\ WKH UHVXOWV IRUPRUWDUV FRXOGEH





7KH EDVLF SUREOHP RI VHOIFRPSDFWLQJ FRQFUHWH LQFOXGLQJ WKRVH FRQWDLQLQJ WKH FDOFDUHRXV IO\ DVK LV LWV





7DEOH  ILQHQHVV RI +&)$ 7DEOH  DQG FRQWHQW RI +&)$ UHSODFLQJ FHPHQW  RI PDVV 7KH
FRPSRVLWLRQVRIWHVWHG+36&&PL[WXUHVDUHSUHVHQWHGLQ7DEOH
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+&)$ FRQWHQW LQ $ DQG $PL[WXUHV ,Q WKH FDVH RI DGGLWLRQDOO\ JULQGLQJ RI IO\ DVK WKH VWUHVV \LHOG YDOXH J
GHFUHDVHG VLPXOWDQHRXVO\ZLWK WKH LQFUHDVH RI FDOFDUHRXV IO\ DVK FRQWHQW 3ODVWLF YLVFRVLW\ K KDV LQFUHDVHG LI WKH



















UKHRPHWHUZLWK WZR UHSHWLWLRQV DQG DSSUR[LPDWHGZLWK%LQJKDPPRGHO LV SUHVHQWHG ,Q WKH FDVHRI WKHPL[WXUHV
+36&&%ZLWKRXW IO\DVK WKH IROORZLQJYDOXHZDV IRXQGJ DQGDQGK DQG )LJ
+RZHYHU WKH VDPH PL[WXUHV ZLWK  DGGLWLRQ RI FDOFDUHRXV IO\ DVK JDYH WKH IROORZLQJ UHVXOWV
J    DQG  DQG K   DQG  )RU WKH VDPHPL[WXUHZLWK WKH  DGGLWLRQ RI FDOFDUHRXV IO \ DVK WKH
IROORZLQJ UHVXOWV ZHUH IRXQG J    DQG  DQG K    DQG  )LQDOO\ WKH VDPHPL[WXUH EXW ZLWK 
DGGLWLRQRI+&)$JDYHWKHIROORZLQJUHVXOWVJ DQGDQGK DQG


































7KHHIIHFWRI YDULDEOHDPRXQWRI+&)$DGGLWLYHRQPHFKDQLFSDUDPHWHUVRI+36&&ZDV VKRZ LQ)LJ7KH
DGGLWLRQRI+&)$UHGXFHVWKHFRPSUHVVLYHDQGIOH[XUDOVWUHQJWKRIFRQFUHWHHVSHFLDOO\LIPRUHDVKZDVLQWURGXFHG
7KH KLJKHU WKH DPRXQW RI DVK LQ VHOIFRPSDFWLQJ FRQFUHWH LV WKH ORZHU FRQFUHWH VWUHQJWK LV 6XFK HIIHFW LV QRW
REVHUYHGLQFRQFUHWHFRPSDFWHGLQDWUDGLWLRQDOZD\,WLVPRVWOLNHO\WKHHIIHFWRIORZHUPL[WXUHVVHOIFRPSDFWLQJ





















7KH SUHVHQWHG UHVHDUFK FRQILUPHG WKH SRVVLELOLW\ RI +&)$ DSSOLFDWLRQ LQ KLJKSHUIRUPDQFH VHOI ±FRPSDFWLQJ
FRQFUHWH7KHSRVVLELOLW\RISUHVHUYLQJWKHDVVXPHGUKHRORJLFDOSDUDPHWHUVLQWHVWHGFRQFUHWHPL[WXUHVZDVSURYHG
7KH ORVV RI ZRUNDELOLW\ ZLWK WKH LQFUHDVH RI WKH FDOFDUHRXV IO\ DVK FRQWHQW LQ +36&&ZDV REVHUYHG EXW WR WKH
GHJUHHDOORZLQJWRSUHVHUYHWKHVHOI±FRPSDFWLQJSURSHUWLHVRIWKHPL[WXUHV
,QWKHUHVHDUFKQRVLJQLILFDQWLQIOXHQFHRIIO\DVKJULQGLQJRQWKHZRUNDELOLW\RI+36&&PL[WXUHVLPSURYHPHQW
ZDV IRXQG 7KH DGGLWLRQDO JULQGLQJ RI IO\ DVKHV FHUWDLQO\ KDV WKH DGYDQWDJHRXV LQIOXHQFH RQ WKHLU SURSHUWLHV
KRZHYHU WKHUH LVQRHIIHFWRI WKLVFKDQJHRI IO\DVK ILQHQHVVRQSURSHUWLHVRI+36&&PL[WXUHV7KHFRPSUHVVLYH
DQG IOH[XUDO VWUHQJWKRI FRQFUHWHZLWK DGGLWLRQRIKLJKFDOFLXP IO\ DVK W\SH ,, GRHVQRW GLIIHU VLJQLILFDQWO\ IURP
VWUHQJWKRIDQDORJRXVFRQFUHWHIURPFHPHQW&(0,LIWKHFODVVRIFHPHQWVLVVLPLODU,QWKHLQLWLDOVWDJHRIDJLQJ
WKH SUHVHQFH RI KLJKFDOFLXP IO\ DVK VKRZV WKH GHYHORSPHQW RI FRPSUHVVLYH VWUHQJWK  7KH VHOI ± FRPSDFWLQJ
SURSHUWLHVRIFRQFUHWHPL[WXUHVZLWKWKHFDOFDUHRXVIO\DVKZHUHVDWLVIDFWRU\DQGIXOILOOHGWKHVWDQGDUGUHTXLUHPHQWV
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$FNQRZOHGJHPHQWV
7KH UHVXOWV SUHVHQWHG LQ WKH SDSHU KDYH EHHQ REWDLQHG ZLWKLQ WKH SURMHFW ³,QQRYDWLYH FHPHQW ELQGHUV DQG FRQFUHWHV ZLWK
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